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“COLLECTION AND CONCENTRATION OF SOLAR ENERGY USING FRESNEL TYPE LENSES"

In this study, the efficiency of collecting solar energy using a Fresnel
type lens was measured employing two different collectors. The two collectors,
one a flow collector and the other a static collector, are described in the
following pages.

-

I. A Dynamic or Flow Heat Collector

Description of Apparatus:

R picture of the flow collector is shown below in figure 1. The
collector's wall, walls top and bottom were constructed using acrylic
plexiglass plates and tubing, obtained from Cadillac Plastics, Houston,
Texas. The various component parts of the collector after being mac-
hined for proper fit were glued together using Day-bound cement. The
inner compartment of the collector contained a circular copper metal
plate, coated with black velvet paint #101-C10 obtained from Curtin
Chemical, Houston, Texas, which was attached to the bottom of. this com-
partment by three insulation bakelite supports. The second or middle
compartment was filled with insulating material, Florco-X-All Purpose
Absorbent, obtained from the Floridin Company, Pittsburg, Pennsylvania.
The third or outer compartment was fitted with an outlet tube for evac-
uating the outer chambers using a vacuum pump. The collector's water
inlet and outlet tubes were constructed with sealed thermometers for
measuring the temperature of the incoming and outgoing water. From
the temperature difference and the heat capacity of water, the amount
of energy absorbed and retained from the sun rays passing through the
Fresnel lens was calculated. Meanwhile, the total amount of energy in-
cident upon a unit area of the lens was measured using a IL500 Research
Radiometer obtained from International Light Company, Newburyport, Mass-
achusetts. From these data the percentage efficiency of the collector
was calculated.

Figure 1
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‘ F1gure Z be]ow gives a br1ef schemat1c and operat1ona1 descr1pt1on of the
constant flow collector that was designed, constructed, and used throughout th1s

”'};T 1nvest1gat1on.» Deta11ed\specifjpat1onslof th1s_apparatus,aro given in Appendix 1. T
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Measurements using the flow co]]ector were carr1ed out by ma1nta1ng a constant

: w§f1ow of water over:'the collector as indicated in the arrangement shown ‘in Figure 2,

-~ and the focus1ng of the radiations passing through the Fresnel lens was cont1nous1y
“adjusted ‘using an electrically driven equator1a1 mount, ModeT No. 85112, obtained

- from Edmund Scientific Company, Barrington, New Jersey. After the thermometers T2 o
2 and Tq attained steady temperatures, the rate of the flow of water 'was measured. < A

radiometer (International Light Company, Model ILSOO) was used to measure the

] :irad1at1on flux incident on the Tensu T e L P
A typ1ca1 observat1on o ‘..  ; . ¥ 3
: TT T2 28.5°C Tys 38. 0 c Yo - oo

v . i

Rate of f1ow =" 152 ml/Z m1n jor 1 27 m?/sec tﬁf Cn%ﬂ}H{Al,fnggblIb

‘ Rad1atlon f]ux 1nc1dent on the 1ens = 560 watt/m Q llLIPY

; ﬁ

"5' Area of .Cross- sect1on of the lens = D 118 m2

560 x 0118 M2 L
66 watts = 15 8 cal/sec DS

Power of 1nc1dent on - the 1ens

u-u

ir-}

rate of f]ow of water;g spec1f1c %
heat.:0f: water x temperature change
1.27 x 1 x (38 0 -28. 5) ca1/sec

12, 1 ca1/sec D o Ll
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"EtPower‘carried-by'the“Watorfl?
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..., See Appendix, Table 1, for additional data.
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~,of the water surrounding the plate cou1d‘be‘part1a11y‘responsib]eufor.theseyvary:pvgjffjf_
ing results.  In order to eliminate this possible effect, the design of the equip-. . .

o ment may have to be changed. @ .- e .
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Tl vt e The heat collector (see Appendix)jiSfaTh01]ow‘éopper¢bok'made;dfﬁ5
.o+ copper with exterior dimensions of: 7.0 cm x.7.0 cm x.1.6 cm,: The top .
~.~of the box contained a small opening for adding and removing liquids. ' .
2«0 A1l surfaces of ‘the static.collector including its two support arms ;- 1
Sy except the: front surface were covered with asbestos wrappings. . The -
. front surface of the collector was coated with black velvet paint . i "
g@(previpus]y described) ‘and fitted with.a glass plate separated from the *
el - -surface by- a small air space of several millimeters.. The copper.box 7.
4 was FiTled with vegetable cooking ol (Crisco) used as a heating fluid :
© .+, " and the 'solar radiation was focused from the Fresnel lens through the SO
... s glass plate upon the black coated surface. - . L IR NP
SV erieniioe o The Fresnel lens was mounted on an efectrically driven equatorial . - "

. was mounted at-the focus of the lens. Continuous -automatic focussing :

. was measured with a mercury thermometer; Maximum equilibrium temperatures

W
e

Jf?:.ﬂf approximately 1850C were easily obtained using this -arrangement, . - 7

_Qf although there was. an appreciable loss of heat due to conduction, convec-: '
. +tion and radiation. It may be observed that the maximum temperature of =

' of 1859C were obtained, but the glass plate generally.cracked after a~ .«
- few hours of exposure. These results suggest that more syitable glass '~

1% such as vycor or pyrex should be properly separated and cemented to the .-
.+ ifront face of the static collector in order to take full advantage of PU
..., the greenhouse effect. Also proper methods of cementing the glass plate:'
" i 'should be investigated further. A S AR P S
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0

.. - 'However efficiencies varying from 65% to nearly 80% were obtained under.dif-> . . . .7
-+ ferent conditions of temperature, variation in. the constant flow rate, etc.y using "'
7. the constant flow apparatus. As there is a large volume of water (1530 ml)suy- " .
J - rounding the absorber plate, heat exchange between the flowing water and the rest'™ . .

- "mount (Edmund Scientific Company, Model No. 85112) and the collector .iyfﬁjg;fﬁfJL

..was achieved through this arrangement. The temperature of the*co]lector?«lt*f"”

"ff“jthe fluid and the collector depends upon the physical dimensionsiand the}.ff,?iﬁif
. i-surface conditions of the collector. When a soft-glass plate was attached .. . -

to the front surface of the collector, maximum temperatures in.the range . . .

e




,‘rduct1on, radiation, " etc., -as .a.function: of t1me was measured
uthese measurements it 15 apparent that -

1‘where PAets the power reta1ned by the coTlector,'resuTt1ng “in- tempera-

f.duct1on, rad1at10n,

.f,where:dT 1s the rate at wh1ch tem

i

F1rst the temperature of the 011 and the ¢an as & funct1on of t1me, FE

© was measured with the radiation incident on the face of the collector. =

Second, ‘the lens was covered and the temperature decrease due to can-.
From o

ture -increase, and PE 15 the power 1ost by the .collector-due to: con~
t \ LT

perature wou]d change‘w1thht1me when

‘7 See TabTe II For the temperature versus ttme data for the heatTng and
j;cooT1ng of the Static heat collector. Graphical presentation of. the .
. data is .shown in-fig. 3. * Slopes of, the curves, - represent1ng the=rates
'of change of temperature are read at_Tv-'JOOOC and T'—f50°C




Oﬂ the average dT + !dTr] 195 /min. j;,. B

n

M,Pewer 1nc1dept of thé‘]ens '

U and |dTel =5.5%min

o

dT ‘dTr
dt ; .dt

$20.58%min

dt.

Therma1 capac1ty of the coI1ector (011 + box) - 28. 4 ca1/degree

ZVT?;'P Power rece1ved by the c011ector:~ 28 4 X ]9 5 ca]/mln ’i B ?:'}‘;k‘l}

9 2 ca]/sec

-

Rad1at1on flux incident. on the 1ens 560 watts/m :ff'j-'”';"

Area of the Tens «i'-flj-f ;j;?ai ‘?

550 X 0. 118 watts ﬂffi{“.ifﬁe'jiiei:
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| A;fj&;%'Effjciency ; 9.2x100 = 58 B U
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The des1gn of the co11ector shou?d be 1mproved so that 1osses‘fw\3f?) X

“are minimized, It should be pOSSIb]E to construct collectors wh1ch 'irf* SR

' reach equilbrium at '3000C or above.. Ma1nta1n1ng such a collector

4<1 L

wel] below the equilibrium temperature for example 200°C heat can
.. be extracted by a flowing Tiquid. .-

The efficiency of the collector may be determ1ned u51ng d1fferent
11qu1ds in the callector box. *Study can also be carried out using: a
“series of lenses of different sizes and of:.collectors of different

111_".. L

._:II

Recommendat1ons for Further Exper1menta1 WOrk ..‘,;,an

: The data procured in th1s study suggests that w1th 0n1y s]1ght
m0d1f1cat1ons, the dynamic or, flow collector is quite satTSfactory

- for carrying out further stud1es " The operational arrangement of’ the
#static collector is apparently a sat1sfactory one; however, .the des1gn

Liof the collector should be -improved in the f0110w1ng manner: (1) the ﬁ'i
'copper col]ector shou]d be f1tted w1th Bake 11te Arm supports, (2) w1th
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s1zes and de51gn to determ1ne the opt1umum cond1t10ns for economy '*; SRR
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o ﬁfexcept1on of 1ts face the copper col]ector 5hou1d be comp]ete]y 1nsu1ated
.. from its surroundings with abestos, and (3) the face should be properly: .
Cion . fitted with vycor or pyrex g1ass p1ate for the purpose of accomp11sh1ng
- the greenhouse effect.,
S A series of determ1nat1ons should be carr1ed out on se]ected o
17_11qu1ds, vary1ng from cooking oils:to Tiquid mercury, using the proce- o
.. dure. developed in the investigation.. Theoretically, temperatures above -
. several hundred degrees should be easily obtained. Subsequent to these
studies. and .after’ selecting an economical liquids, studies should be,
' carried out by designing a Tiquid system for absorbing solar energy and:
‘_;gtransm1tt1ng it to a water system flowing over or by the heated 11quid S
o ‘In the study reported herein, the investigators employed small .
_ff{1ens adapted to a small scale system because of economy involved. However,
" based on the results.obtained in this study, in a large scale system one.
.- _could reasonably anticipate that at least 50% or more of the solar fTux
quj}COU1d be collected and put to a benef1c1a1 use. L S
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~ WATER FLOW RATE vs TEMPERATURE DATA

e IR Volume of Water [ Flow Rate Heat Retalned by | B
. Temperature, oc Collected, mI' ~ | ~ml/sec | - Collectoé Lal. % Efficiency

o 00 p&/b‘

735,
1_227.0727;0'31,5f B (EE S TR B JREREEN G [ 15 FEARERNLINES K [

R

e A -‘.—“2‘““5"1‘?‘?‘7"3'5'.-'A:':--‘-".' '."."p‘r“‘\i': pel

oo |Ldv/de

c2027.03t2 | 2s0 |20 | |
{ ‘27;0 27.0 31.5 f’.;260_ ;  iT-  iZ,ﬁa.,t.f :‘_|l:j€;1
IREIR 27. 9,32;0. 1 w0 | e el e
C2g.s27.8 mo | as o lzas et s

27.9 28;0'32.5‘ oo z'hs',f;". 'li;dffi I L T

"fﬁ;i(l) Radtometer Readnngs 520 Wattsfm .

: “‘.' - i . ‘. ;“. -‘i. ,-:’-:’. : < : B . o ST ERR I S ; e
"2 () P(Tnssdent Radiation) = (Rad'ometer Resdings) (Area of Lens),
A2 B mercent Radiation) T hTs

(520 Hatts/mz) (0.118n ) éiitxﬁ; , L R LR I
N 4 186 Joules/cai ‘:-,9ﬂ,‘“1”>’=* UL SN

SFTRAI
TR

1 (3) t(Flow time) = 100 seconds’ ‘: i




| HEATING AND COOLING DATA. FOR VEGETABLE OIL. f-~,f~lf4;f-;-)/ggf,
’ |. ‘ . 1 ‘ , ‘ E \ o ‘ ': ;J ’” \‘ , '

fTimgl_ ~Feating With CDDllng With ‘;j,.- N -;f_;[.:,~ ‘ | S
SR Incldent 3- Inmdent Radlatlon Soral o ciT dt dT.+ dT

Radlatlon .Shut Off ; :___‘.'f'_ °~c/i't'm R T ‘

' -T °C T, T e min °c

1) The dTr/dt values shnwn J.n column 5 wer'e determlned by taka.ng AT( G/mln) frﬁm
S coohng data 1:1 column 3 where AT ’ " 5 _;; _ .

_2) Then d’I"/dt values shmm in 'column h were determlned analytically us:Lng the
Lol slope method from a praph Df the heat.ing; dat.a 1n column%?u- :









